X-ray dark-field and bright-field imaging in the Laue geometry has been successfully demonstrated. Using a Bragg-case asymmetric monochromator that produces an X-ray beam with a 0.3 mrad divergence incident onto an object and a Laue geometry analyzer that can simultaneously provide dark-field imaging (DFI) and bright-field imaging (BFI). The DFI has only an X-ray refraction component on the object without illumination, while the BFI has reasonable illumination. This was achieved by a 1.075 mm thick silicon analyzer with 4, 4, 0 diffraction at 35 keV X-ray photon energy. An image of an insect embedded in polymethylmethacrylate, which can not be visualized by absorption, has been obtained.
A new idea concerning very simple X-ray dark-field and bright-field imaging in Laue geometry that has never been proposed before is presented here. Since 1989, various refraction-based imaging [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] techniques have been proposed. All of these have originated from X-ray shadow micrography pioneered by Cosslett and Nixon in 1951 [16, 17] . This may correspond to imaging in the visible-light region, as described in the literature by Born and Wolf [18] . These techniques involve a neutron imaging system using a Bragg diffraction analyzer [1] [2] [3] [4] , and X-ray imaging systems without an analyzer [5, 15] , with Laue analyzer [6] , with a Bragg analyzer [7, 8, [12] [13] [14] and with no optics [9] [10] [11] . All of these techniques, in principle, might be categorized as bright-field imaging under a special analyzer condition [6] [7] [8] [12] [13] [14] . We have recently developed dark-field imaging using new X-ray Laue [19, 20] and Bragg [21] optics. The dark-field imaging in Laue geometry [19, 20] proposed is very advantageous over the previous imaging developed by others [1-4, 6-8, 12-14] because one does not have to take a series of pictures while changing the angle of the analyzer crystal; One can simply obtain clear dark-and bright-field image of an object in a single shot.
The deflection angle, D(x, y : k ) [19] [20] [21] , associated with a refraction contrast can be described as follows: (1) where d (x, y, z: k ) is related to the refractive index, n ϭ1Ϫd (x, y, z: k ), z is the direction of the X-ray beam, z 0 and z 1 denote the coordinates where the X-rays go into and out of the object, respectively, and let refraction take place in the (z, x) plane.
In our X-ray dark-field and bright-field imaging arrangement shown in Fig. 1 , the Laue geometry of diffraction in an achromatic arrangement, where two diffracting planes involving a monochromator M and an analyzer crystal A are in a (ϩ, Ϫ) parallel arrangement, is essential so that imaging receives no effect of wavelength spread that may otherwise blur the image contrast. We have chosen the asymmetric factor b (refer to Ref. [22] ) to be 0.05 at M so that one can provide the beam P (W ) with divergence of 0.3 mrad incident onto the object Q (W ) located between M and A. 
after A along the forward diffraction direction corresponds to dark-field imaging (DFI) because there is no apparent X-ray background intensity existing at | W | Ͻ1 due to the structure of I O (W ), while B (W ) ϭI G (W )R (W ) corresponds to brightfield imaging (BFI) along the diffraction direction because of the nature of I G (W ). The beams D (W ) and B (W ) will be stored as a dark-field image and a bright-field image, respectively. Two reflectivity functions I O (W ) and I G (W ) at A can be expressed if the X-rays undergo no absorption as follows:
where t, W, L are thickness of A, deviation of the angle from the Bragg condition and the extinction distance, respectively. W can be expressed as W ϭ2L sin q B (qϪq B ϪDq 0 ) /l, where Lϭl cos q B / |P | | c G | is the extinction distance, P the polarization factor, l the X-ray wavelength, c G ϭϪr e l 2 F G /pV C the polarizability, where r e is the classical radius of electron, F G the crystal structure form factor, V C the volume of unit cell, q the angle that deviated from the Bragg angle q B and Dq 0 correction of the Bragg angle due to refraction expressed as Dq 0 ϭ2(1Ϫn) / sin 2 q B . Equations (2) and (3) An explanation for dark-field and bright-field imaging is given as follows: first prepare an extremely straight forward beam P (W ) as shown in Fig. 3 (a) using asymmetric diffraction [22] at M in Fig. 1 . The horizontal axis should correspond to the angle, and the vertical axis to the power of the X-rays. Second, P (W ) that enters the object Q(W ) shown in Fig. 3(b) that has, for instance, an octahedral shaped polygon as shown in the inset between (b) and (c), may receive the refraction effect, either from the left or right or both directions, against the incident beam direction. As a result, the X-rays R (W ) which exit from Q (W ) may possess information on the object as shown in Fig. 3(c) . Mathematically, R (W ) should be the convolution of P (W ) and Q (W ). Figure 3(d) shows the reflection profile I O (W ) at A along the direction of forward diffraction. Due to this function of an angular filter apparently the central part of R (W ) has been suppressed as shown in Fig. 3 
(e) due to I O (W ). This is called dark-field imaging D (W ).
On the other hand, due to the other function I G (W ), as shown in Fig. 3(f) bright-field imaging B (W ) is
The Rigaku Journal available, as shown in Fig. 3(g) . The advantages of our method over the previous methods are as follows: first, our system is very simple. It only needs a parallel setting of two diffracting planes at M and A that should satisfy the thickness condition in eq. (1) for I O (W )ϭ0 at W ϭ0. This can provide complete dark-field and bright-field imaging simultaneously in a single shot at W ϭ0. Also only a small distance between A and DFI or BFI is required. The contrast of all previous imaging techniques such as those by Ingal and Beliaevskaya [6] , Wilkins' group [7, 8, 10 , 12] and Chapman's group [13, 14] should locate inbetween darkfield imaging and bright-field imaging. Their background could not be suppressed 100% if the Bragg angle at |W |Ͼ Ͼ0 is taken.
An experiment was performed at beamline BL14B [23] using a radiation source from a 5 T vertical wiggler at the Photon Factory and at BL20B [24, 25] 
